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A FORMULA FOR THE CALCULATION 
OF ROCK FILL DIKES 


EDITOR'S NOTE 


Within the past year or two there has been considerable discussion 
among shore control and harbor engineers regarding the merits of the 
Iribarren formula for calculating the sizes of stone and related slopes 
of riprap structures for resisting wave action. Through the efforts of 
Mr. R. O. Eaton, South Pacific Division, Corps of Engineers and the 
courtesy of the University of California it is possible to publish the 
following translation of Iribarren'’s paper in which the development of 
the formula is discussed. The paper was translated by Mr. D. Heinrich, 
University of California and has been edited by Dr. M. A. Mason, Beach 
Erosion Board. 


In view of the intense interest in the paper and to develop in one 
publication the pertinent comments on the formula the Bulletin will 
welcome comments for publication from interested engineers. Comments 
should be addressed to The Bulletin, Beach Erosion Board, 5201 Little 
Falls Road, N. W, Washington 16, D. C., and should reach that office 
not later than 1 March 1949. 


* % * 


Eduardo de Castro published in the Revista de Obras Publicas, 
April 15, 1933, a most interesting article entitled "Rock-fill Dams and 
Dikes," in which he presented a formula fixing the slope and size of 
stone in rock-fill dikes necessary to resist satisfactorily the violent 
beatings of the sea. 


De Castro begins his article by stating: 


"It is not for me to dare that which others of more standing 
and reputation have not dared to do--authors of universal renown 
hesitate when the moment arrives to determine the slope of a rock- 
fill dam beaten by the waves, and justify their doubts and hesita- 
tion by the great difficulties which the problem holds....The 
unknown force of the waves, the anomalies of storms, and the heavy 
and grievous replies with which the sea responds to the science 
and prudence of the builders, show that they are right....hikewise 
at the conclusion of these lines one will have the impression that 
the problem is very obscure and only the ignorant can believe that 
it is solved....But in spite of all, and until the definite truth 
is known there need not be lacking provisional truths, or better 
said, approximations to the truth." 


The equation which I have formulated is a provisional truth in an 
advance toward the definite truth. The reasoning upon which it is 
based follows: 


It is admitted axiomatically by many that the pits observed at the 
foot of vertical walls and dikes against which the wave breaks are pro- 
duced by the fall of spray and not by the direct action of the wave in 
breaking against the surface. Probably by extension of this theory and 
by judging that the damage to rock-fill dikes always is caused by the 
displacement of the stones on the exterior slope and not by the passage 
of waves over the top of the dike and toward the interior of the port, 
Messrs. Castro and Briones assume that the disintegration of the dike is 
caused by the fall of the mass of water raised by the breaking wave and 
not by the direct action of the same in breaking over the exterior slope. 


It is my opinion, in spite of test results to the contrary, that 
the pitting at the foot of walls and dikes is not necessarily due to 
wave spray. 


A wave breaks because the water depth is shallow and approximately 
equal to the height of the wave (see Figure 1). The energy of the wave 
acts downward chiefly. The spray above, which is all we can observe, 
represents only a small part of the total energy. The submerged por— 
tion of the breaking wave possesses a great amount of energy and causes 
violent currents on the shallow bottom, occasioning the pitting at the 
foot of the dike or wall. 


Even if it is admitted that the energy of the wave is divided 
equally between spray and submerged breaking, that of the latter would 
act downward undiminished while a large part of the energy of the 
upper spray would be lost in its ascent and descent through the air. 
For this reason it can hardly cause effects comparable to those of the 
submerged portion of the breaking wave. 


It is easy to understand the low intensity of both portions of the 
breaking wave, particularly the upper, on the rough and permeable sur- 
faces of rock-fill. The cavities in the rock-fill permit the passage 
of water through them thus avoiding the formation of much spray, and 
this, together with the surface unevenness causes the upper spray to be 
of little importance. Only the imer submerged part descends along the 
slope. The remainder of the water filters and descends, almost verti- 
cally, through the mass of the rock-fill. See Figure 2. With these 
details in mind it does not appear possible that currents of descending 
water capable of washing out stones in their descent can be produced 
upon the slopes of rock-fill dikes. 


A further proof of the slight importance of the upper spray in 
this type of dike lies in the fact that it is sufficient to raise the 
top elevation but little above the crest of the wave to avoid over- 


topping . 


What can be the cause of the downward displacement of stones of 
sufficient weight if not the descent of the water along the slope? 
Let us try to reason by logic, expressed as follows: 


If a current, of velocity VY, acts on a plane normal to its course, 
the pressure of the impact, directed normal to the plane, in terms of 


head is: 
V2 
& 


or double the velocity head of the stream. As Morosi, Savart and 
Ridone have demonstrated theoretically and proven experimentally, in 
the initial instant (or when the first liquid molecules strike the 
plane) this pressure is doubled and the head becomes 


avi 
g 


According to Weisbach, even when the current strikes obliquely upon 
the plane, (see Figure 3) there exists a certain zone A in which the 
resulting pressure is normal to the plane. In the case of a rock-fill, 
as has been previously explained, the sprays Band C lose importance, 
and the true intensity of pressure is reached solely in zone A. 


Even if the Weisbach hypothesis is not accepted, one need only ob- 
serve Figure 4, in which has been pictured the current vein produced 
by the wave upon breaking, in order to understand that the wave strikes 
with appreciable normality upon the usual slopes of rock-fill dikes. 


Some assume that the greatest velocity attained by the liquid 
molecules of a breaking wave is equal to the sum of the wave velocity 
and the maximum orbital velocity. This belief cannot be proven, but © 
it is sufficiant that the maximum orbital velocity, which is the 
only molecular velocity existing, become equal to or somewhat exceed 
the wave velocity in order that the crest molecules of the wave fall 
upon the anterior slope as a wave breaks. 


The maximum orbital horizontal velocity as the wave breaks is: 


ye twhk_ whk 


Yo VBR 


where H is the water depth; h is the semi-height of the wave or A/2; 
L the semi-length of the wave; T the semi-period and 


K=coth ZH 
L 
As the wave breaks the orbital velocity must equal the wave velocity 
_f Et 
a 7 A 
or 
an ei 
Lae TA 
from which 
L=7hk 
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or, when the wave breaks, the trochoid transforms itself into an 
elliptical cycloid resulting in the maximum molecular velocity 


hae oy oat aed 5 


Consequently, the maximum orbital velocity of the molecules of water 
as the wave breaks is: 
y- ~24 


(A = total height of the wave and is approximately equal to the depth 
in which the wave breaks). The parabola ON eae 4) described by 
the crest molecules in falling shows that MN = A. Moreover, the 
slopes which cause the wave to break at O must pass near the point P 
situated at the depth A. Figure 4 has been drawn with attention to 
these considerations and illustrates clearly the perceptibly normal 
incidence of the wave when breaking over the various slopes of rock-— 
fill dikes. 


Having tested this normality, we now suppose (Figure 5) that a 
stone rests on any plane whatsoever and that a normal intermittent 
current envelopes the stone. There will be two instants when the 
stone-may separate from the plane, tending to be elevated in the 
direction opposite to the current of the stream. These instants are, 
the initial, see Figure 5-A, when the first liquid molecules of the 
stream strike the plane, and the final, Figure 5-B, when the upper 
face of the stone emerges through the end of the stream. 


In the initial instant the pressure over the upper face of the 
stone will be in terms of head, as has been indicated previously, (= V2 
and over the plane md lower face of the stone, will be: 


2V7 
& 
The stone then will tend to lift from the plane under the action of 
an upward pressure of approximately: 
Byer ene 
TE RE 
In the final instant the dynamic pressure over the upper face of the 
stone as it emerges from the stream will be zero, and over the lower 
face will equal approximately 


ye 


— 


ef 


and the stone will tend to lift from the plane. 


These two conditions, initial 1, and, final 2, Figure 6, are also 
produced in the case of a stone situated on a slope beaten by breaking 
waves. For the same reasons noted above the stone tends to lift from 
the slope upon which it rests. 


Rock-fill dikes are composed of various, more or less regular, 
layers of stones. The stone depicted in Figure 5 and on which the action 
of the wave is exerted in the same manner as on those which surround it, 
is one of the stones of the first, or exterior, layer of the dike. The 
upper face of the second layer is represented by the line E F parallel 
to the slope. 


If S is the maximum section of the stone in any plane whatsoever 
parallel to the slope, then the force P, which tends to lift the stone 
from the slope upon which it rests will be given by: 


2 
Pah Se 


in which K,is a coefficient having a value less than unity. This co- 
efficient introduces correction for the density of the water; the re- 
duction in velocity of the liquid molecules in passing through the first 
layer of stones; the reduction of the pressure caused by this current 
meeting the rough and perforated surface of the stones of the second 
layer in place of the theoretical plane, previously assumed perfectly 
smooth and continuous; and, last, the reduction of pressure arising 

from the more or less rounded form of the stone under consideration. 


If for simplification, we make 
Ase 
3 
we have the expression 


[P= 9 SYA 


The horizontal component, V,, of the maximum velocity V of the liquid 
molecule of a wave of height A, breaking in depth A, isas previously 


determined, vA 
me 


The vertical component V,, of the maximum velocity V of the molecules 
which fall from the height A, is 


Ky, =28A 


Then the velocity, V, normal to the plane of the slope will be 


y= /24 +2SA = 2 SA 


Substituting this value in the previous expression we obtain 


and setting 


we obtain 


P=, AS 


The component N, normal to the theoretical plane E F, of the weight J 
of the subnerged stone, is N = P, . cos a, a being the angle of the 
dike face with the horizontal. 


The resistance to downward displacement, R, arising from the 
friction of the stone, or more accurately stated, from the friction of 
each of the stones which constitute the first layer on the stones which 
constitute the surface — F of the second layer has the value 


fe =(N-P)f 


f being the coefficient of friction of the rock-fill. If independently 
of the size of the stones we approximate the natural slope of the rock- 
fill by a slope of 45°, we have 


f = tan 45 °=/ 
Qne has, consequently, 


R=R, cos a-~-KpAS 


The component of P, parallel to the slope of the rock-fill, D, 
is the force which t ends to cause downward displacement of each of the 
stones of the first layer and has the value D = Pa Sin a. 


Considering the case of strict equilibrium or of waves of limited 
height, to insure no downward displacement of a first layer stone as 
a consequence of the diminution of its friction over those of the 
second layer by the action of the forces P, we must have 


D=F 
or 


R sin a = Ps cosa-HpAS 


If we represent some linear dimension of the stone by y, and the 
density of the material of which it is composed by d, then the weight 
of the submerged stone will be given by: 


R=Kyy3d-/) 


in which K3 is a coefficient which depends upon the form of the stone. 
Analogously we have 


S=Kgy? 
Then, substituting, we have: 


Asyi(d-/) sin a= K3y7(d-/)cos a- Koka Ay? 


or 


toy (d-l) (cos a- Sina) =KoKkgA 


Consequently 

M2 Ke A 
4G (0s a-sina) (d-/) 
The weight of the stone in air, P, is 


Y= 


3 3 ZF 
BO ene eer MIE 
“eo (cos a-sina)3(g-/)3 
or setting 3 
i he’ Ka 
x 2 
Ks 
we obtain the sought-for formula 
& HA d 
= Sea eee 
(cos a-sina)?(d-L) 


which gives us the necessary weight for the stones in terms of the 
elements of the problem. 


If we assume a case such that the wave does not break in the form 
considered, viz. a very steep slope, or from some other cause whatso- 
ever, and as a consequence the damage to the stones is occasioned by 
the descent of the water along the slope, then the force P! of the 
current flowing parallel to the slope over the stone or stones affected 
would approxima te; 


Pan oe as KAS 


The coefficient K! will be much less than unity, since the roughness 
and permeability of the rock-fill causes a reduction in current 
velocity. 


The resistance of the stone or stones to downward displacement 

is: 
R= Nf = Recosa 
The component D will continue to be: 
D=f sina 
and the equation of strict equilibrium will be 
D+P=R 

or 


Ps sin a + KZ AS = F& cos 2 


arriving, consequently, except for differing coefficients K' and K at 
the same formula WA » 


(cos a- sin &)5(ag-1)? 
for the determination of the weight of the stones. 


There remains now only the determination of the coefficient K, or 
K', and whether they remain constant or vary with the other elements 
of the formula. 


In the worst cases it is assumed that the variation of the coe- 
fficient will be similar to that of the classic and variable coefficient 
CG of the formula of uniform movement 


U2 CYRIL 


In order to test this assumption we have examined the coasts of the 
Gulf of Vizcaya and found two locations suitable for the determination 
of the coefficient K and a test of its constancy. 


These locations are the dikes at Qrio and at San Juan de Luz. 
The headland of the natural rock-fill dike at Orio is constituted of 
compact sand stones about 3,000 kg in weight, vine a density of d = 
2.65 ton/m. : 


At the completion of constructionthe headland had a slope of 1.5 ~ 
horizontal to 1 vertical, which has been stabilized after the furious: 
storms of recent years, on a slope of 3.1 horizontal to about vertical 
or 


cota=3./ 


giving 


a= /7°S50° 


The dike is founded on the sand of the beach at the level of 
equinoctial low tide so that the maximum height of the wave which may 
break against it approaches closely to the maximum depth at high tide, 
or 4.50 m. Waves of a maximum height of 4.50 m must have broken 
against the headland since there have been most violent storms, coin- 
cident with extreme tides, of several days duration during the past 
year. Applying the formula under these conditions, we have; 


3, 
3000 = A-4.8°: 2.65 
(0.952 — 0.306)3(1.65)3 
from which we obtain 


K = /4.8 


The case of the Artha dike at San Juan de Luz is totally different. 
Here the rock-fill is composed of blocks of concrete of 42 tons weight 


aL, 


and 20 m.3 volume, giving a density of 
Gis Se = o 


The dike is founded at a depth of 10 m below low tide. It is un- 
protected and suffers the full violence of the waves of the Cantabrico 
(Bay of Biscay) with maximum heights approximating 9 meters. The dike 
was initially constructed with a slope of 2 horizontally to 1 vertical- 
ly but it soon became apparent that this slope was too steep to assure 
its stability. Slowly and continuously the rock-fill was increased and 
the slope flattened, reaching stability at a slope of 5 horizontally to 
1 vertically. 


Applying the formula under these conditions, we have: 
A: 93. 2.1 


42.000 2 2.3 eS eee 
(0.98/-0.193)7 (1.1) 3 


from which we obtain 


A= /8.7 


These two values of the coefficient, K = 14.8 and K = 18.7, obtained 
from situations so different as that of a rock-fill of natural stones 
of 3,000 kgs. weight and that of artificial blocks of 42,000 kgs 
weight, prove the coefficient is not very variable. It is, moreover, 
logical that the rock-fill of artificial blocks be more vulnerable 

to the beating of the sea than the compact and better joined natural 
rock-fill because of their great cavities. Therefore, with a slight 
margin of security, we fix the coefficients K = 15 for the one and 

K = 19 for the other. These two coefficients have been satisfactorily 
tested in numerous dikes of demonstrated stability. 


We have finally the formula 
Px AA d 
(cos a~sin 2)? (d-1)7 
in which 
= weight of the stones in kilograms 


wa fd 
H 


= 15 for natural rock-fill dikes 
K = 19 for artificial block dikes 


A = total height of the wave which breaks on the 
dike, measured in meters 


d = density of the stone, in tons per cubic meter 


a = the angle of the slope of the dike with the 
horizontal 


Perhaps it might appear strange, at first sight, that the length of 


12 


the wave does not enter the formula. It is sufficient to recall that 
as the wave breaks there exists a practically constant relation between 
its length and its height. For this reason, the wave height, A, ad-— 
equately represents all the characteristics of the wave at this moment. 


The formula of Seflores Castro and Briones is: 
vena 704-A?qd 
a 20 [7-2 ) (d-! 3 
(T+) G Tos ) y, 


in which the slope T = cota. 


The fact that one arrives at formulas somewhat similar in form 
by two procedures so different is highly satisfactory and indicates 
that if we have not reached the definite truth we approximate it 
closely. Which of these provisional truths approximates most nearly 
the definite truth? 


Dispensing with inopportune and perhaps biased modesty, I must 
state that the equation which I have formulated satisfies me even 
more than that of Senores Castro and Briones, which I have used in 
various projects. 


In the first place the formula which we have just determined does 
not require any adjustment in its coefficients or exponents to con- 
form to reality. The theoretically derived equation fits more than 
satisfactorily all the phenomena observed and tested. 


The formula of Senores Castro and Briones, tells us that for 
T =CcO , P must be O, which is to say that even the finest sand main-— 
tains itself when the slope is almost horizontal independently of the 
violence of the wave. This at first sight might appear certain, 
since it is the case of beaches which might be thought of as resembl- 
ing rock-fill dikes whose stones are the light grains of sand, mt it 
is not so in reality. The analogy is not complete inasmuch as al- 
though the grains of sand of the beaches move, those which leave one 
spot are replaced by those which flow in from another. On the con- 
trary, if the sea carries away stones of a rock-fill they are not re- 
placed naturally by others and damage occurs. 


The stones of rock-fill must be permanently fixed whatever may 
be the violence of the surge of the waves, and consequently there 
must be some minimum weight required however gentle the slopes. 


The derived formula gives precisely the minimum weights correspond- 
ing to each wave height when a = 0. This weight is 


3 
Tea 70 = HA d 
(d-1)7 
It is the weight necessary to insure that the stones are not lifted 
when the breaking wave falls over them. However gentle the slope, 


if the stones are lifted, they would be displaced along the slope 
under successive and repeated wave attack and start the failure of 


the dike. 
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Imaginary values for P result for values of T less than 2/d in 
the formula of Senores Castro and Briones which indicates that very 
steep dikes of rock-fill cannot be constructed, however large the 
stones may be. This result is perfectly logical, but analyzing more 
carefully one observes that the slope limit thus determined is T = 
2/d, which may be acceptable for values of d less or equal to 2. 
However, for values greater than 2 the slope limit admitted by the 
formula would be steeper than T = cot a = 1 or a=45°, which is in- 
admissible since a = 45° is the natural slope of the rock-fill. 


On the contrary, my formula admits only slopes equal to or less 
than a = 45°, therefore for values of a greater than 45° there would 
be negative values for P. For this limit a = 45°, however slight 
the height of the wave A, there correspond infinite values of P, 
which means that, however large be the stones which compose a rock- 
fill of natural slope, the least impetus is sufficient theoretically 
and logically to displace them. If in addition we make A = O in the 
formula then P = 0/0, or it is indeterminate, which signifies that 
if waves do not act on a rock-fill of natural slope, the fill is in 
strict equilibrium regardless of stone size. 


All the results obtained from my simple formula are perfectly 
logical and in accord with reality. 


The formula shows the great influence of the density d of the 
stone in respect to the resistance of the rock-fill to wave attack, 
for like conditions of wave height and slope. If, for example, we 
consider artificial blocks of natural cement of Zumaya whose density 
is d = 2, then 


aes het nif) 
(1)? FF 


This indicates that in rock-fill toresist the sea natural stones are 
equivalent to those of concrete whose weight might be 2:3/8 = 5.33 
times greater. If, moreover, we take into account the coefficient K 
previously determined this equivalence of weight rises to 5.33 x 19 = 
6.74.0 15 


With a material of density d = 1, or one which almost floats, 
it is impossible to construct rock-fill dikes, since P =@@. Qn the 
contrary, if one should use a material of a density d = 4 or d = 6 
its stones would be equal to others of concrete 13.5 or 4l times 
heavier or even more if we take into account the relation 19/15 = 
1.26 of the coefficients K. 


In high dikes and in tidal seas it might be convenient and 


economical to try to use a material denser than stone for the con- 
struction of the upper protecting covering, with the purpose of 
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increasing the steepness of the slope and thus diminishing the volume 
of the dike. 


From what has been said it is apparent that one must not forget 
the impor tance of the density of natural or artificial stones in the 
design of rock-fill dikes. 


With respect to the zone to which the formula is applied one 
needs only to remember that, since the trochoid transforms itself into 
a cycloid at the breaking of the wave, the elevation of its average 
level, over that of the sea in repose, is 

wA2K 

lcs i an AT eb 

WA 4 
This means that as the wave breaks, 3/4 of its total height A is above 
the still water level. In order to avoid overtopping or the slight 
spray which forms on this type of dike, it is desirable to raise the 
dike to elevation +A, or better + 5/4 A, so as to extend by the height 
of the wave the slope formed by stones of weight P determined by the 
formula. 


If we admit, as a hypothesis more unfavorable than reality, that 
below the level —- LWA A the differences of pressure between the 
anterior and posterior faces of the stones of the first layer (or 
the pressures which tend to separate them from those of the second) 
are proportional to the greatest pressures exerted by the surge at 
each point, we arrive at the conclusion that in this constantly sub- 
merged zone, the formula also can be applied by substituting A! for 
AIA K o Here rp is the horizontal semi-axis of the 
orbital ellipse corresponding to each depth, determined by applying 
the trochoidal theory, and K = coth w/H _. 

ZL 

This generalization of the formula, indicated in Figure 7, 
supposes a certain margin of security. It is also probable that the 
coefficients K = 15 and 19, previously determined, introduce some 
margin of safety; chiefly the second because of the undertow caused 
by the superstructure of the Artha dike. However it is not logical 
to apply strict results, obtained by means of the application of 
theoretical formulas to sea conditions when it is the general rule 
to employ ample factors of safety for land conditions. 


In any case I shall be very grateful to my colleagues, who my 
know of concrete practical cases in detail, if they will have the 
kindness to send them to me in order to compute the coefficients, 
there by establishing them with more assurance. 


I believe that enough useful points have been derived from the 
discussion of the simple formula obtained and of the fundamentals 
that have served to determine it, therefore I close here the ex— 
position which involuntarily has become too long and tedious. 
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Before finishing it is my unavoidable duty to state that, when some— 
time ago I expressed to my distinguished Professor Don Eduardo de 
Castro, the ideas upon which I expected to found the new formula for 
the calculation of dikes of rock-fill he encouraged me sincerely and 
enthusiastically to put them into form, so that he is materially in- 
volved in the completion of the present study. 


ANNOUNCEMENT OF PUBLICATION 


The Beach Erosion Board announces the publication 
of its Technical Memorandum No. 6 "An Ocean Wave Meas- 
uring Instrument." Copies are being mailed to those 
individuals and institutionson the mailing list for 
technical publications. 


The gage described is believed to produce a direct 
accurate record of the fluctuations of the sea surface 
at the gage site. The instrument is not suitable for 
use in locations where a suitable supporting structure 
is not available. 


A limited number of copies are available for dis- 
tribution upon request to the President, Beach Erosion ~ 
Board, Corps of Engineers, 5201 Little Falls Road, N.W., 
Washington 16, D. C. 
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BEACH EROSION SIUDIES 


The principal types of beach erosion reports of studies at specific 
localities are the following: 


a. Cooperative studies (authorization by the Chief of 
Engineers in accordance with Section 2, River and 
Harbor Act approved on 3 July 1930). 


b. Preliminary examinations and surveys (Congressional 
authorization by reference to locality by name). 


e@. Reports on shore line changes which may result from 
improvements of the entrances at the mouths of rivers 
and inlets (Section 5, Public Law No. 409, 74th Con-—- 
gress). 


d. Reports on shore protection of Federal property 
(authorization by the Chief of Engineers). 


Of these types of studies, cooperative beach erosion studies 
are the type most frequently made when a community desires in- 
vestigation of its particular problem. As these studies have, con-— 
sequently, greater general interests, information concerning studies 
of specific localities contained in these quarterly bulletins will be 
confined to cooperative studies. Information about other types of 
studies can be obtained upon inquiry to this office. 


Cooperative studies of beach erosion are studies made by the 
Corps of Engineers in cooperation with appropriate agencies of the 
various States by authority of Section 2 of the River and Harbor Act 
approved on 3 July 1930. By executive ruling the cost of these 
studies is divided equally between the United States and the coopera-— 
ting agency. Information concerning the initiation of a cooperative 
study may be obtained from any District Engineer of the Corps of 
Engineers. After a report on a cooperative study has been transmitted 
to Congress, a summary thereof is included in the next issue of this 
bulletin. A list of cooperative studies now in progress follows the 
summaries. 


SUMMARIES OF REPORTS TRANSMITTED TO CONGRESS 


WINTHROP BEACH, MASSACHUSETTS 


Winthrop Beach is located on the Atlantic Ocean coast of Mass-— 
achusetts about 3 miles north of the main entrance channel to Boston 
Harbor. The shore area studied extends a distance of about 2 miles 
between two glacial till headlands, Grovers Cliff on the north and 
Winthrop Head on the south. The general direction of the coast in 
the area is north and south. 


Winthrop Beach, located in the town of Winthrop, is a highly 
developed, densely populated residential area. The shore area proper 
is a part of the Metropolitan District Commission's Winthrop Shore 
Reservation which includes Winthrop Shore Drive, a sea wall, and a 
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narrow public bathing beach composed of sand, gravel, shingle and 
cobblestones that occur in varying proportions as material is shifted 
back and forth by wave action. Access to Winthrop Shore Drive is 
afforded by several city streets, and excellent highways connect it 
with the Boston Metropolitan area. 


The problem area involves that section of the shore protected by 
granite faced sea wall originally constructed by the Metropolitan 
District Commission in 1899 between Beach Road on the north and Bacon 
Street on the south, a distance of about 7,200 feet. Subsequent 
storms damaged the wall, particularly the severe storm of November 
1945. In 1946 the Commission commenced reconstruction of a section 
of the wall 1,425 feet long immediately south of Locust Street by 
adding a massive reinforced concrete face on the ocean side. This 
1,425-foot section between Locust and Trident Avenues affords sub— 
stantial protection for the Shore Drive and residences landward 
thereof. In 1931-1933 the Commonwealth constructed an off-shore 
breakwater in 5 detached sections roughly between Pearl Avenue on the 
north and Perkins Street on the south, a distance of about 2,250 feet. 
This breakwater has afforded considerable protection, particularly for 
the section of beach and sea wall abreast thereof. 


The purpose of the Beach Erosion Board's study was to determine 
the best method of preventing further erosion, stabilizing and im— 
proving the beach, and protecting the sea wall. The Board has re- 
viewed the history of the existing protective structures, and has 
investigated the geology of the area, the composition of the beach, 
storms and their effects, changes in shore lines and profiles, 
volumetric changes in the beach, offshore depth changes, currents, 
and littoral drift and several plans of improvement. It found that 
the existing Winthrop Shore Drive sea wall provides adequate pro— 
tection to the developed area behind it, with the exception of 
sections aggregating 2,200 feet in length. The Board concluded that 
the best plan for preventing further erosion, stabilizing and im- 
proving the beach, and protecting the sea wall comprises extension 
of reconstruction of the existing sea wall, raising the top elevation 
of portions of the existing sea wall, construction of groins and 
artificial supply of sand to the beach. The estimated first cost 
of this plan of protection and improvement is $648,000. Based upon 
a comparison of estimated annual costs and estimated annual benefits, 
the Board concluded that the proposed improvement is economically 
feasible. 


The Board reported that the shore is publicly—owned and that, 
in its opinion, the public interest involved in the proposed im- 
provement is substantial. The extent of public interest and the 
public benefits which will result were considered by the Board to 
be sufficient to justify, in accordance with the general provisions 
of Public Law 727, 79th Congress, approved August 13, 1946, the 
United States bearing a share of the expense equal to one-third of 
the first cost of the proposed improvement. 


A proviso of Public Law 727 relates to repair and protection of 
sea walls hitherto erected to prevent erosion, by waves and currents, 


to public highways considered by the Chief of Engineers sufficiently 
important to justify protection, and authorizes Federal contribution 
toward the repair and protection of such walls at not to exceed one- 
third of the original cost of such wall. Winthrop Shore Drive is a 
local public highway which can be by-passed readily and therefore 
the Board concluded that this highway is not sufficiently important 
to justify construction of works solely for its protection. 


The plan of protection and improvement proposed by the Board 
provides for extension of reconstruction of the existing sea wall 
for a length of 400 feet, raising the height of the existing sea wall 
2 to 3 feet for a length of 1,800 feet, protection of the reconstruct-— 
ed wall and adjacent sections by placement of riprap as required 
maintenance, construction of 8 stone groins with an aggregate length 
of 3,400 feet, and placement of 200,000 cubic yards of sand fill, 
all at an estimated first cost of $648,000 with an estimated annual 
maintenance cost of 15,000. 


The Board recommended that the Commonwealth of Massachusetts 
adopt the above plan. It further recommended that Congress authorize 
Federal participation in the said plan by the contribution of 
Federal funds in an amount equal to one third of the cost of the 
plan, subject to the condition that Federal participation will not 
relieve the Commonwealth of Massachusetts of the following respon- 
sibilities: (1) maintenance and repair during the useful life of the 
works as may be required to serve the intended purpose, (2) provision 
of all necessary lands, easements, and rights-of-way, (3) claims for 
damages either before, during, or after prosecution of the work. 


STATE OF NORTH CAROLINA 


The investigation covered the shore line of the State of North 
Carolina with particular reference to four detached portions as 
follows: 


a. From Paul Gamiels Hill Coast Guard Station, about 
4 miles northerly of Kitty Hawk Beach downcoast 
to New Inlet, about 34 miles; 


bo Atlantic Beach for about 4 miles west from Fort 
Macon Point at the west side of Beaufort Inlet: 


ce Wrightsville Beach, including Moore and Masonboro 
Inlets, about 3 miles; and 


d. Carolina Beach and the beach in front of Fort 
Fisher, about 7 miles. 


Except for the shore from Carolina Beach to Fort Fisher, which lies 
on the mainland peninsula separating Cape Fear River from Atlantic 
Ocean, all the areas studied lie on relatively narrow barrier beaches. 
These barriers are separated from the mainland by tidal sounds inter- 
connected by a navigation channel maintained as an integral part of 
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the federally improved Intracoastal Waterway. 


The purpose of the Board's study was to obtain data which would 
contri bute to the advancement of the technical knowledge of the pro- 
cesses of Narth Carolina beach and inlet changes, be useful in plann-— 
ing for the proper development of the beaches as recreational areas 
and serve as a guide for further cooperative studies. The Board re- 
viewed the geological history of the area and studied the tides, 
currents, winds and wave action, changes in hydrographic detail, move- 
ment of beach material and effect of storms on the shore. 


The Board concluded that (a) the data obtained, although inad- 
equate for the formulation of definite conclusions concerning the 
technical phases of shore processes, will be of value in comection 
with laboratory and field studies being undertaken by the Board for 
the further development of the science of shore protection; (b) the 
ocean shore line of North Carolina is, in general, retreating slowly 
and will continue to retreat; (c) protection of the entire length 
of the study area is unwarranted at this time; (d) existing dunes 
afford valuable protection and should be preserved; (e) threatened 
structures or low portions of the barrier can be protected by dunes 
constructed artificially or formed by sand fences or planting; (f) 
histories of accretion and erosion of the shore line should be con-— 
sidered in planning future development; (g) stabilization of inlets 
is generally impracticable, but partial control of inlet changes may 
be effected by dune building to prevent breaching or by excavation 
to facilitate breaching by natural forces where desired. 


The Poard further concluded that the justification of protective 
measures for Fort Macon Point may be the subject of further study if 
desired by the State, that at Wrightsville Beach existing protective 
measures should be maintained, that the north shore of Masonboro 
Inlet should be stabilized by revetment, and that closure of Moore 
Inlet would be beneficial to Wrightsville Beach. 


The Board also stated that, as the application by the State of 
North Carolina for this study was made prior to enactment of legis- 
lation requiring a statement of the Board's opinion as to the public 
interest involved in any improvement, no item was included for study 
of estimated costs and benefits on which to base an evaluation of 
such interest. The State, informed of the additional work necessary 
to evaluate the public interest, indicated it desired no additional 
work under the study for this purpose and agreed to the scope of the 
report. The Board therefore was unable at the time to state its 
opinion as to the extent of public interest, the advisability of ad- 
opting a Federal project for participation in the first cost of pro- 
tective works, or what share, if any, of the expense of such works 
should be borne by the United States. It is the opinion of the 
Board that under existing law no Federal interest is involved in any 
of the improvements considered. If additional cooperative studies 
of localities on the North Carolina coast are arranged, they will 
include when requested by the cooperating agency the determination 
of possible Federal aid under the provisions of Public Law 727, 
79th Congress, approved 13 August 1946. 
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JUPITER ISLAND, FLORIDA 


The area studied covers the easterly shore of Jupiter Island 
on the Atlantic Coast of Florida, about 90 miles north of Miami, and 
includes the beach from a point north of St. Lucie Inlet to a point 
south of Jupiter Inlet, a total distance of 20 miles. The beach at 
Jupiter Island is backed by a narrow strip of land, which is separated 
from the mainland by a chain of tidal ponds, lakes, and bays, inter- 
connected by a system of tidal canals, forming part of the Atlantic 
Intracoastal Waterway. The cantral portion of Jupiter Island, 
opposite the town of Hobe Sound, has been highly developed as a winter 
residence area and many large and expensive homes are located near 
the beach in that section. The northern and southern portions of the 
island are undeveloped. 


The purpose of the Board's study was to determine the best 
method of preventing further erosion on the easterly side of Jupiter 
Island. The Board investigated the geology of the area, the com— 
position of the beach, storms and their effects, winds, tides, changes 
in shore lines and offshore depths, and littoral drift, and review- 
ed the history of the existing protective structures. 


The Board found that, as the northern and southern portions are 
undeveloped, the central developed portion is the only area for which 
protection is needed at the present time. The shore of the developed 
portion is privately owned landward of the high-water line. 


The Board is of the opinion that the most effective practicable 
method of preventing further erosion of the shore of the developed 
area is the construction of a continuous bulkhead fronted by a system 
of impermeable groins. Owing to the relatively large cost of such a 
comprehensive improvement, the Board concluded that a practicable 
plan for achieving in part the objectives desired by local interests 
would provide for the extension of the existing bulkhead system in 
stages along a bulkhead line to be established to mark the seaward 
limit of all future building construction. 


The Board recommended that the property owners at Jupiter Island 
adopt a coordinated plan for the protection of shore front property, 
the principal features of which would comprise (a) establishment of 
a bulkhead line and (b) extension of bulkhead construction along the 
established bulkhead line in stages as necessary to protect buildings 
threatened by erosion. 


In accordance with the requirements of law, the Board stated 
that adoption of a Federal project for the protection of Jupiter 
Island is not advisable, no public interest is involved in such pro- 
tection, and no part of the expense should be borne by the United 
States. 
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PALM BEACH, FLORIDA 


Plam Beach is situated on the east coast of Florida about 70 
miles north of Miami. The area studied comprises the northern half 
of the island on which the Town of Plam Beach is located. This island 
or barrier beach, separates Lake Worth from the Atlantic Ocean and ex— 
tends about 16 miles between Lake Worth and South Lake Worth Inlets. 
The barrier is composed principally of sand, part of which is artificial 
fill over former marsh areas. There are occasional gutcroppings of 
soft limestone on the barrier and in the offshore area. 


The northern half of the island is extensively developed, including 
many large estates, hotels, and establishments providing for the needs 
of visitors. The permanent population is less than 4,000 tut during 
the winter the population approaches 20,000. Of the 84-mile ocean 
shore frontage comprising the study area a total of 3/4 mile is 
publicly-owned landward of the high-water line. Of that 3/4 mile of 
aggregate frontage, owned by the Town of Palm Beach, four tracts 
totaling about 0.6 mile constitute public parks or public bathing 
beaches, the remaining frontage consisting of public streets. 


The purpose of the Beach Erosion Board's study was to develop a 
plan or plans for the rehabilitation and future protection of Palm 
Beach from Lake Worth Inlet on the north to a point 9,000 feet south 
of the Bath and Tennis Club on the south, a distance of 84 miles. 

The Board reviewed the physical history of the area; and.studied the 
winds, currents, wave action, changes in hydrographic details, sources 
of supply and the movement of beach material, the effect of storms 
and structures on the shore; and, pursuant to statutory requirements, 
analyzed the public interest involved in improving the publicly—owned 
beaches. 


The Board found that because of the absence of an assured natural 
supply of beach material, rehabilitation and future protection of 
Palm Beach require artificial nourishment. The Board concluded that 
the most suitable minimum plan of improvement for the rehabilitation 
and protection of Palm Beach comprises (1) placement of 1,000,000 
cubic yards of suitable material dredged from Lake Worth in 5 stock- 
piles on the beach at an estimated cost of $250,000, (2) periodic 
subsequent replenishment, at an average annual cost of $50,000, of 
the material in these stockpiles and in the stockpile placed in 1944 
near the north end of the beach, (3) maintenance of existing sea walls 
bulkheads, and repairable groins. 


The Board reported its opinion that the public interest involved 
in the proposed improvement is associated with the benefit therefrom 
to the publicly-owned shore. The benefits were considered by the 
Board to be sufficient to justify, in accordance with the provisions 
of Public Law 727, 79th Congress, approved August 13, 1946, the 
United States bearing a share of the expense equivalent to one-third 
of the first cost of that portion of the entire proposed improvement 
which will provide protection for the publicly-—owned shore. 
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The Board recommended that local interests consider the adoption 
of the foregoing plan and that, if adopted, it be coordinated, if 
possible with the authorized Federal navigation project for the 
improvement of the Intracoastal Waterway in Lake Worth, in order to 
utilize suitable material therefrom and thus effect reduction in es-— 
timated first cost from $250,000 to approximately $150,000. The 
Board further recommended: (1) the adoption of a project by the 
United States authorizing Federal participation in the cost of the 
improvement and protection of the shore of Palm Beach, Florida, by 
the contribution of Federal funds, (2) that Federal contribution be 
limited to 3 per cent of the first cost of placing suitable material 
on the beach, (3) that the quantity of material placed on the beach 
with 3 per cent Federal aid be limited to 1,000,000 cubic yards. The 
Board also recommended that the contribution of Federal funds shall 
be contingent on: (1) the adoption by local interests of the pro- 
posed plan, (2) approval, by the Chief of Engineers, of the detailed 
plans and specifications and of arrangements for the prosecution of 
the new work for the improvement, prior to commencement of work, (3) 
agreement by local interests that Federal participation will not 
relieve them of responsibility for periodic subsequent replenishment 
of fill, for maintenance and repairs of existing shore protective 
works during their useful life as may be required to serve the intend- 
ed purpose, for provision of all necessary lands, easements, and 
rights-of-way, and for claims for damages either before, during, or 
after prosecution of the work. 


ANNA MARIA AND LONGBOAT KEYS, FLORIDA 


Anna Maria Key and Longboat Key are on the west coast of 
Florida in Manatee County extending from Tampa Bay south to the 
Sarasota County line. The area studied, about 13 miles of shore, in- 
cludes essentially the Gulf shore of Anna Maria Key, a distance of 
about 9 miles and the northerly Gulf shore of Longboat Key from Long— 
boat Inlet southward to the Manatee-Sarasota County line, about 4 
miles. It also included Longboat Inlet which lies between the two 
keys and connects the Gulf of Mexico with Sarasota Bay. The coastal 
area is low-lying ground with bays separating the low, sandy barrier 
beach keys from the mainland. The keys are used for resort purposes, 
the principal beach communities being Anna Maria and Bradenton 
Beach, located respectively on the northern and southern portions of 
Anna Maria Key. Residential development of the keys is generally of 
modest character with a normal housing capacity for 600. All property 
shoreward of the high water line is privately-owned. The mean range 
of tide is about 1.4 feet. 


The portions of the shore line within the study area which are 
actively eroding are the southern half of Anna Maria Key and the 
southern half of the portion of Longboat Key within Manatee County. 
Generally, accretion has occurred on the northern half of both keys. 
Existing protective structures constructed by local interests on 
Anna Maria Key consist of a few short pile and timber groins, all 
practically demolished, and about 20 bulkheads varying in degree of 
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effectiveness because of deterioration. The aggregate length of the 
bulkheads is about one mile almost all of which is located on Bradenton 
Beach, the critical area. These tmlkheads afford protection against 
ordinary storms, but portions are inadequate for extreme storms. 

There are no protective structures on Longboat Key. 


The purpose of the Board's study was to determine the best method 
of preventing further erosion and of stabilizing the beaches. The 
Board reviewed the physical history of the area, and studied the winds, 
currents, and wave action, changes in hydrographic detail, movement 
of beach material, and effect of storms on the shore. The Board con- 
sidered several plans of improvement, particularly for Bradenton 
Beach where protective measures are considered necessary at this time. 


The Board concluded that the most effective method of accomplish- 
ing the stated objectives for the critical area of Bradenton Beach 
would comprise artificial supply by direct placement of material in 
position on the beach with periodic replenishment as required, and 
retardation of its rate of erosion by installation of a system of 
impermeable groins at an estimated first cost of not less than $350,000. 
The Board is of the view, however, that this method would require ex- 
penditure of more funds than local interests would consider justifi- 
able. in view of this consideration the Board believed that the most 
practicable method of accomplishing in part the purpose of the study 
is by artificial supply of material to the beach by operation of a 
small hydraulic dredge on a continuing basis at an estimated annual 
cost of from $15,000 to $25,000. The Board recommended that local 
interests consider the foregoing methods of protection. Should 
future development of Longboat Key warrant protective measures, 
similar means of beach stabilization may be employed. 


Public Law 727, 79th Congress, approved 13 August 1946, declar- 
ed it to be the policy of the United States to assist in the con- 
struction, but not the maintenance, up to one-third the cost of 
works for the improvement and protection of coastal shores of the 
United States that are owned by States, municipalities, or other 
political subdivisions. In the instant case all shore property is 
in private ownership. 


In accordance with statutory requirements the Board reported its 
opinion that adoption of a Federal project for protection of Anna 
Maria and Longboat Keys is not advisable, that no public interest is 
involved in such protection, and that no part of the expense involved 
should be borne by the United States. 


SANTA BARBARA, CALIFORNIA 


Santa Barbara occupies a sandy lowland located on the coast of 
southern California about 100 miles northwest of Los Angeles and 
320 miles southeast of San Francisco. The portion of the coast 
under investigation lies between Santa Barbara Point and Sand Point 
and includes Santa Barbara Harbor and the shore of the City of Santa 


Parbara. The general direction of the coast in this area is east 
and west. A chain of islands lies from 25 to 40 miles off the area, 
separated from the mainland by Santa Barbara channel. 


The city and county of Santa Barbara have populations of 38,300 
and 87,000 respectively. The area is a well-established sea-shore 
resort, popular during all seasons. All of the beaches within the 
city of Santa Barbara are publicly-owned, the beaches between the 
city boundary and Sand Point are privately-owned. The climate is 
mild throughout the year and the annual rainfall averages about 20 
inches. 


Santa Barbara Harbor is formed by a breakwater 2,800 feet in 
length, constructed in 1928 by local interests without Federal 
assistance. It is located about 3,600 feet east of Santa Barbara 
Point. The breakwater impounded the large eastward littoral drift, 
with the result that its impounding capacity was reached in 1933 and 
sand began to pass around its end into the harbor. A more serious 
result was starvation and severe erosion of beaches to the east. 


A Federal project for maintenance of Santa Barbara Harbor by 
dredging at a cost not to exceed $30,000 per annum was authorized 
in 1935. The first dredging was done the same year by hopper dredge, 
the sand being deposited about 1,000 feet offshore and east of the 
harbor in the belief that some of the material might eventually 
reach the denuded beaches. This did not happen. 


In 1938, a cooperative beach erosion study of the area was 
made by the Beach Erosion Board, the report on which is published in 
House Document No. 552, 75th Congress, 3d Session. It recommended 
deposition of dredged material from the harbor on the beach to the 
east, the costs thereof in excess of $30,000 a year to be borne by 
local interests and subsequent observation of the results obtained. 
This program was begun in 1938. Dredging was repeated in 1940. A 
supplemen tary report made by the Board in 1942 concluded that con- 
tinued artificial nourishment of the feeder beach east of the harbor 
appeared desirable, but that further observations of its effect on 
beaches to the east were necessary. Harbor maintenance and de- 
position of material on the feeder beach was repeated in 1942 and 
1945. The purpose of the present investigation was to determine 
the effectiveness of the program initiated in 1938 for beach re- 
storation by artificial nourishment and the desirability of taking 
further measures to increase its effectiveness. 


A reexamination of the Santa Barbara Harbor project, made in 
1941 and published in House Document No. 348, 77th Congress, lst 
session, recommended modification of the project to permit main- 
tenance of the harbor and beaches east thereof by means of a fixed 
sand-intercepting plant to be provided and operated by and at the 
expense of local interests, the United States to make available 
for such operation not to exceed $30,000 per annum less the actual 
cost of any dredging of the harbor that might be necessary in 
addition to the operation of the plant. The proposed sand-inter- 
cepting plant has not been provided. Local interests have deferred 
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further consideration of such plant due to the fact that under a.-- 
pending review study, they propose to submit a plan for harbor en= -. 
largement which will necessitate revision of former plans for the  - 
pumping plant. 


The coast in the vicinity of Santa Barbara is generally rugged 
with resistant headlands and with intervening coves having beaches - 
of material ranging from sand to cobbles. Exceptions are two broad 
lowlands within the study area, namely the area occupied by the. City 
of Santa Barbara, and Sand Point. Both have long unbroken stretches 
of beach, which were relatively stable prior to the construction of 
the breakwater. The natural sand cover on the beaches is thin, 
ranging from afew inches to 3 or 4 feet in thickness, so that even 
slight erosion leaves them bare and unattractive as recreational 
areas. Most of the beach material is brought down from the mountains 
by numerous short streams. Swells from the west with virtually an 
unlimited fetch cf water cause an almost continuous eastward sand 
movement. From 1937 to 1946 this material shoaled the harbor at an 
average rate of 775 cubic yards a day. The interruption of this 
sustaining supply during the period 1928 to 1938 caused recession 
of the beaches east of the harbor which could not be rectified 
immediately by deposit of sand on the feeder beach. 


Under the program recommended by the Board in 1938, over 
2,500,000 cubic yards of sand have been dredged from the harbor 
and deposited on the feeder beach to the east during the period, 
1938 to 1945. The dredging and sand deposition operations were 
carried out during several months of each of the years 1938, 1940, 
1942, and 1945. Natural forces have distributed this material over 
the beaches in the study area. By varying the length and width of 
the deposit area it was found that the rate of movement from the 
shortest area was lower than for longer areas. 


Local interests consider the adopted plan of beach restoration 
and maintenance by artificial nourishment effective, bit generally 
feel that continuous supply by means of fixed plant to bypass sand 
before it shoaled the harbor would have advantages over the present 
method of supplying sand periodically by floating plant in connec— 
tion with harbor maintenance. The disadvantages of the present pro- 
gram cited are shoaling of the harbor, periodic congestion of the 
harbor by floating plant and pipe lines, and cycles of alternate 
abundance and starvation of the beach. Some doubts are raised as 
to whether a fixed plant would intercept all material so as to 
eliminate maintenance dredging of the harbor. 


County officials suggested a groin-building program beginning 
near the east limit of the study and progressing westward as the 
groins are filled, in an attempt to tuild up a wider beach. Private 
interests have advocated removal of from one to all of the existing 
groins, anticipating a better or more equal distribution of sand. 


The District Engineer studied the results of artificial re- 
plenishment and concluded that: 
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a. The adopted program of artificial nourishment has re- 
stored the beaches east of Santa Barbara Harbor to a condition approach- 
ing stability, but, in some places, on an alignment considerably 
shoreward of its 1929 position, and that natural processes leave but 
little sand on many of the beaches for extended periods; 


b. The intermittent pumping of sand to the feeder beach 
by floating plant in connection with harbor maintenance has been satis- 
factory and should be continued until replaced by an equally effective 
means of supplying sand to the beaches. The adopted biennial period 
for dredging has been satisfactory to prevent depletion of the supply 
on the feeder beach; 


¢. The location of the feeder beach beyond the sheltering 
effect of the breakwater has been satisfactory for the purpose. The 
most desirable length of fill is such that the stockpile will not be 
depleted entirely during the period between filling operations, nor 
result in excessive widening of the feeder beach; 


d. Available data are insufficient for reconsideration of 
the design for a fixed sand-pumping plant, but that such a plant 
would provide more advantageous use of the harbor and beaches, and 
that further general studies should be made of this type of operation; 


e. The beaches east of the harbor are now being maintained 
in a delicately balanced state of equilibrium, which should not be 
disturbed in attempting to improve them by milding additional struc- 
tures or by removing any existing structures. 


He recommended continuation of the adopted plan of artificial beach 
nourishment in connection with harbor maintenance, no additions or 
other changes in existing protective structures on the beaches, and 
that this cooperative study be considered complete with the publica- 
tion of this report. 


The Division tmgineer concurred generally in the views and re- 
commendations of the District Ingineer. He believed that the present 
‘maintenance procedure should be continued until plans under con- 
sideration for further development of the harbor are definitely es- 
tablished and that the existing project for maintenance of the harbor 
should not be modified at this time. 


The Board carefully considered the reports of the reporting 
officers. It concurred in general in their views and recommendations. 
It noted that although the adopted program has restored the beaches 
to a condition approaching stability, the present alignment of the 
beaches is, in some places, considerably shoreward of its 1929 
position. This is hardly surprising in view of the complete inter- 
ruption of material supply for the 10-year period prior to 1938. 
Recent operations have constituted a resumption of normal sustaining 
supply, but have not made up for the years of no supply. The material 
which would normally have reached the beach during that period still 
lies behind the breakwater and in the offshore mound east of the 
harbor. ‘The Board's report recommending the adopted program pointed 
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out that it was largely palliative and not expected to supply sufficient 
sand to reestablish immediately sandy beaches along the entire shore. 

A more comprehensive plan to pump the accumulated sand west of the 
breakwater as well as that shoaling the harbor to the beach was re- 
jected in favor of the less costly plan. Therefore, it should be 

noted that the adopted program has been more effective than was antici- 
pated. The Board found that the adopted program of artificial nour- 
ishment of the beaches east of Santa Barbara Harbor has been partially 
effective in restoring the beaches and that the gains secured give 
promise that continuation of the program may result in practically 
complete restoration. The rate of movement eastward from the feeder 
beach has been found to depend upon the length of fill. Assuming 
sufficient volume, the most desirable length of fill is that which will 
furnish a maximum volume of material to the downcoast beaches without 
denuding the feeder beach between successive replenishments from dredg- 
ing operations. The Board further found that complete restoration of 
the beaches, if desired by local interests, can be accomplished by 
providing more material toward replacement than would be provided 
merely by continuation of the present program. 


Although the Board concurred with the reporting officers in not 
recommending the construction of additional groins, it believes that 
the persistent eastward drift and the relatively light wave action 
at Santa Barbara are particularly favorable for the use of groins to 
stabilize or extend the beach. The Board also noted that local 
interests believe that continuous operation of a land-based plant 
would result in a more uniform rate of supply to the beaches. This 
appears unlikely, as the material is not placed directly on the beaches 
at two-year intervals, but moves to them from the feeder beach at a 
rate probably as uniform as prevailed prior to the construction of 
the breakwater or as would be afforded by a land-based pumping plant. 
The Board agreed with the District Ingineer that operation of a land- 
based plant would provide more advantageous use of the harbor, but 
not that it would eliminate shoaling in the harbor. Such a plant can 
be so located and operated that it will ultimately intercept the 
littoral drift. However, the sand between this pumping plant and the 
harbor at the time of construction will continue to move to the shoal 
for some time, and this volume must be handled separately. 


The Board recommended: 


a. Continuation of the adopted program of artificial nour- 
ishment of the beaches east of Santa Barbara Harbor, either by float- 
ing plant at time intervals sufficiently short so that the stockpile 
on the feeder beach will never be entirely depleted, or by con- 
tinuous operation of a fixed plant; 


b. No changes or additions to the existing protective 
works at this time. 


In accordance with existing statutory requirements, the Board 
stated its opinion that: 
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a. It is not advisable for the United States to adopt a 
project for the improvement of beaches in Santa Barbara County; 


bo. The public interest involved in the improvement and 
maintenance of the beaches is associated with the benefits there- 
from to the publicly-owned shore which comprises a length of about 
1.5 miles in a total length of 10 miles of affected shore; 


co No data are available upon which to base a determina— 
tion of the extent of Federal participation under Public Law 727, 
79th Congress, as local interests did not desire to have the necessary 
investigations included in the present study, therefore waived any 
rights to such participation at this time. In any event, the ad-— 
opted program, continuation of which is recommended, is essentially 
a maintenance program. Therefore, no share of its cost should be 
borne by the United States beyond that in connection with maintenance 
of the harbor as authorized by existing law. 


The Board recommended no modification in the existing Federal 
project for maintenance of Santa Barbara Harbor in the interest of 
beach restoration or maintenance. 


PUNTA LAS MARTAS, SAN JUAN, PUERTO RICO 


The investigation covered the north shore of Puerto Rico from 
a point about 4,000 feet west of Punta Las Marias eastward to Boca 
de Cangrejos, a distance of about 5 miles. That section is located 
within the limits of municipalities of San Juan and Carolina, which 
had a combined population of about 193,000 in 1940. The coastal 
area is generally a low sandy formation separating the Atlantic 
Ocean from tidal lagoons. The 5 miles of ocean shore in the study 
area shoreward of the high water line are privately-owned with the 
exception of publicly—owned street ends and about 300 feet comprising 
two detached parcels owned by the United States; the strip known as 
the maritime zone which extends generally between the low and high 
water lines appears to be owned by the Puerto Rico Government. The 
rates of recession of the shore line in the area from 1859 to 1946 
varied from an average of about 0.5 foot per year at Boca de Cangrejos 
to about 7.5 feet per year west of Middle Point. local interests have 
constructed various types of beach protective structures at the de- 
veloped areas of Punta Las Marias and Middle Point with varying degrees 
of effectiveness. The areas now constituting the most critical pro- 
blem are at Punta Las Marias, a highly developed residential section 
involving a frontage of about 0.5 mile, and at Middle Point involving 
a frontage of some 0.4 mile which includes residences, bathing beach 
and entertainment facilities. 


The purpose of the Board's study was to determine the best 
method of preventing further erosion of the shore and restoring or 
stabilizing the beach, principally with a view to protecting exist- 
ing property. The Board reviewed the geological history of the area 
and studied the tides, currents, winds and wave action, changes in 
hydrographic detail, movement of beach material and effect of 
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storms on the shore. 


The Board concluded that the most practicable method of com— 
pletely accomplishing the purpose of the study for the critical 
areas at Punta Las Marias and Middle Point would require the adoption 
of a comprehensive plan comprising (a) construction of a bulkhead, 
sea wall or revetment along the bluff where adequate structures of 
this nature do not exist; (b) artificial placement of fill on the 
beaches, with periodic replenishment, as required; and (c) retar- 
dation of its rate of erosion by installation of impermeable groins. 
It estimates the initial cost of such works at $500,000 a mile. 


The Board further concluded that protection of existing upland 
property can be achieved more economically by placing riprap in 
front of existing walls and bulkheads without restoring or stabiliz— 
ing the beach, the cost of such work being estimated at $52,800 a 
mile. Protection of future development can be provided by stone 
revetment of the bluff as required, at an estimated cost of about 
$75,000 per mile. 


Public Law 727, 79th Congress, approved August 13, 1946 de- 
clared it to be the policy of the Federal government to assist in 
the construction but not the maintenance of works of improvement 
and protection against erosion by waves and currents of the shores 
of the United States that are owned by States, municipalities, or 
other political subdivisions. The law defines the word "Shores" 
to include all the shore lines of the Atlantic and Pacific Oceans, 
Gulf of Mexico, the Great Lakes, and lakes, estuaries and bays 
directly connected therewith. While the law provides for Federal 
participation in the first cost of protective works of publicly- 
owned shores within the continental limits of the United States it 
is silent on policy for possessions and territories. Since the 
shore in the instant case landward of the high water line is private- 
ly owned except for two adequately protected and detached parcels 
owned by the United States, the Board considered that the munici- 
palities are not eligible for Federal aid in construction of pro- 
tective works for privately-owned property. 


The Board reported its opinion that (a) adoption of a Federal 
project for protection of the area studied is not advisable; (b) 
the only public interest involved in such protection is associated 
with two detached parcels of real estate owned by the United States 
which are already adequately protected; (c) no part of the expense 
involved should be borne by the United States. 


* * * 
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COOPERATIVE BEACH EROSION STUDIES IN PROGRESS 


NEW HAMPSHIRE 


HAMPTON BEACH. Cooperating Agency: New Hampshire Shore and Beach 
Preservation and Development Commission. 


Problem: To determine the best method of preventing further 
erosion and of stabilizing and restoring the beaches; 
also to determine the extent of silting and erosion 
in the harbor. 


METROPOLITAN DISTRICT BEACHES, BOSTON. Cooperating Agency; Metropoli- 
tan District Commission (for the Commonwealth of Massachus-— 
etts). 


Problem: To determine the best methods of preventing further 
erosion, of stabilizing and improving the beaches, and 
of protecting the sea walls of Lynn Shore Reservation, 
Nahant Beach Parkway, Revere Beach, Quincy Shore, Nan—- 
tasket Beach. 


SALISBURY BEACH. Cooperating Agency: Department of Public Works (for 
the Commonwealth of Massachusetts). 


Problem: To determine the best methods of preventing further 
beach erosion. This will be a final report to report 
dated 26 August 1941. 


CONNECTICUT 


STATE OF CONNECTICUT. Cooperating Agency: State of Connecticut 
(Acting through the Flood Gontrol and Water Policy Com- 
mission). 

Problem: To determine the most suitable methods of stabilizing 
and improving the shore line. Sections of the coast 
will be studied in order of priority as requested by 


the cooperating agency until the entire coast is in- 
cluded. 


NEW JERSEY 
ATLANTIC CITY. Cooperating Agency: City of Atlantic City. 


Problem: To determine the best methods of preventing further 
beach erosion. 
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OCEAN CITY. Cooperating Agency: City of Ocean City. 


Problem: To determine the causes of eresion or accretion and 
the effect of previously constructed groins and 
structures, and to recommend remedial measures to 
prevent further erosion and to restore the beaches. 


VIRGINIA 


COLONIAL BEACH. Cooperating Agency: Department of Highways (for the 
Commonwealth of Virginia). 


Problem: To formulate a master plan for the improvement of the 
beach and to determine the best method of arresting 
erosion of the bank adjacent to the State Highway at 
Colonial Beach. 


VIRGINIA BEACH. Cooperating Agency: Town of Virginia Beach. 
Problem; To determine methods for the improvement and pro- 
tection of the beach and existing concrete sea wall. 
SOUTH CAROLINA 


STATE OF SOUTH CAROLINA. Cooperating Agency: State Highway Depart— 
ment. 


Problem: To determine the best method of preventing erosion, 
stabilizing and improving the beaches. 


LOUISIANA 


LAKE PONTCHARTRAIN. Cooperating Agency: Board of Levee Commission- 
ers, Orleans Levee District. 


Problem: To determine the best method of effecting necessary 
repairs to the existing sea wall and the desirability 
of building an artificial beach to provide protection 
to the wall and also to provide additional recreation— 
al beach area. 


TEXAS 


GALVESTON COUNTY. Cooperating Agency: County Commissioners Court 
of Galveston County. 


Problem: To determine the best method of providing a permanent 
beach and the necessity for further protection or 
extending the sea wall within the area bounded by 
the Galveston South Jetty and Eight Mile Road. 
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CALIFORNIA 


STATE OF CALIFORNIA. Cooperating Agency: Division of Beaches and 
Parks, State of California. 


Problem: To conduct a study of the problems of beach erosion 
and shore protection along the entire coast of Calif- 
oernia. The initial studies are to be made in the 
Ventura-Port Hueneme area and the Santa Monica area. 


ILLINOIS 


STATE OF ILLINOIS. Cooperating Agency; Department of Public Works 
and Buildings, Division of Waterways, State of Illinois. 


Problem: To determine the best method of preventing further 
erosion and of protecting the Lake Michigan shore 
line within the Illinois boundaries. 


OHIO 


STATE OF OHIO. Cooperating Agency: State of Ohio (Acting through 
the Superintendent of Public Works). 


Problem: To determine the best method of preventing further 
erosion of and stabilizing existing beaches, of 
restoring and creating new beaches, and appropriate 
locations for the development of recreational 
facilities by the State along the Lake Erie shore 
line. 


PENNSYLVANIA 


PRESQUE ISLE. Cooperating Agency: State Parks and Harbor Commission 
of Erie (for the Commonwealth of Pennsylvania). 


Problem: To determine the best method of preventing further 
erosion and stabilizing the beaches of Presque Isle 
Peninsula at Erie, Pennsylvania. This will bea 
supplemental report to the report dated 3 April 1942. 


MISSISSIPPI 


HANCOCK COUNTY. Cooperating Agency: Board of Supervisors of Hancock 
County. 


Problem: To determine the best method of repairing the existing 
sea wall and protecting it from further damage and 
to determine what share of the cost of any recommend-— 
ed plan should be borne by the United States as pro- 
vided in Public Law 727, 79th Congress. 


* * * 
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BEACH EROSION LITERATURE 


There are listed below some recent acquisitions of the Board's 
library which are considered to be of general interest. Copies of 
these publications can be obtained on 30-day loan by interested 
official agencies. 


"Mission Hydrographique du Maroc (Mai 1947)" 
Department de la Marine, France 


The results of a study of the French Moroccan Coast in the 
vicinity of Agadir are given. The influence of a jetty on the 
erosion of the coast is discussed in detail. A comparative 
shore line chart is included. 


"The Reflection of Waves from a Submerged Low Reef," F. Ursell, 
Admiralty Research Laboratory, Teddington, England. 


The problem is approached theoretically by showing that the 
action of a low reef on the wave motion in the sea can be 
represented by a suitable horizontal wave-maker oscillating 
about a mean position on the sea bed. No particular mechanism 
is specified since the wave-maker is only a theoretical device. 
Qne of the conclusions is that a series of obstacles placed 
half a wave length apart should form a very efficient reflect— 
ing arrangement. 


tAnalogy between Tides and A. C. Electricity," J. Van Veen, The 
Engineer, Nov. 28, Dec. 5, 11, 1947. 


The difficulty attending the precise calcuation of tides in 
new channels leads the author to study the electrical analogies 
useful in elementary tidal computations and a discussion of 
experimental electrical solutions. A few practical examples 
are treated. 


"Data on Sediment Transportation and Deposition in the Canal Zone," 
J. S. Meyers, The Panama Canal, Special Engineering Division, 
T. €. P. Memo. 75. 


A summary of available data on sediment measurements and 
quantities of sediment removed from the existing Canal and its 
approaches is presented. Sediment problems in the recommend- 
ed sea-level canal are discussed. 


"Refraction of Long Swell off La Jolla, 18-30 secs." Palmer Qsborn, 
Scripps Institution of Qceanography, Wave Report No. 84. 


Refraction information is presented covering swell periods of 
18, 22, 26, and 30 secs. The principal results are presented 
by the polar diagram method for each of six stations. 


tResults of Research on Surface Waves of the Western North Atlantic," 
H. R. Seiwell, Woods Hole Oceanographic Institution, Papers in 
Physical Oceanography and Meteorology, Vol. X, No. 4, Aug. 1948. 


The paper is concerned with a comparative study of observed sea 
surface waves and recorded sea bottom pressure fluctuations. 

An empirical relationship is established between these factors. 
It is stated that the average bottom wave period will be two 
or more times that at the surface, depending on depth of 
instrumentation. 


"Estimates of Water Transport Produced by Wave Action,® YV. P. Starr, 
Journal of Marine Research, Vol. VII, No. 1, April 15, 1948. 


It is shown that for periodic surface gravity waves in a basin 
of great depth there exists a relationship allowing computation 
of the mass of water transported by wave action. The various 
concepts arising in the discussion are illustrated by a simple 
dynamic analogue. 


"Deep Sea Photography," &.N. Harvey and E. R. Baylor, Journal of 
Marine Research, Yol. VII, No. 1, April 15, 1948. 
A new type of camera and its lighting mechanism is described 


for photographing organisms in the depths of the sea. The 
apparatus has been used at depths of one half mile. 
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